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Objectives of the StudyObjectives of the Study
• Identify materials research needs to meet the

goals and objectives of the Industries of the
Future and that are consistent with the mission
of the IMF program.

• Describe materials performance goals and
challenges and the benefits to the Industries of
the Future.

• Prioritize IMF materials research activities to
achieve the performance goals and benefits.
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Industrial Materials forIndustrial Materials for
the Future Missionthe Future Mission

• Research, design, develop, engineer, and test
new and improved materials, as well as more
profitable uses of existing materials.

• Focus is on longer-range needs of Industries of
the Future.

• Does NOT fund mature materials technologies
that compete for OIT industry team funds.

Classes of Materials with Suites of Properties Beyond
Capabilities of Commercial Materials
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Matrix-Building MethodologyMatrix-Building Methodology
• High-priority R&D needs and performance targets

taken from Industries of the Future roadmaps
– Additional input from NMAB report on materials needs for

Industries of the Future
– R&D designated as near, mid, or long term when so defined

in roadmap

• Office of Science, IMF, and OIT industry teams’
R&D projects placed
– According to relevance to R&D needs, performance targets, or

both
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High-Priority R&D NeedsHigh-Priority R&D Needs
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Multiple-Industry
Research Priorities

1330N/A**N/A**Mining

628752Agriculture

10391437Forest products

13363044Petroleum

17332741Chemicals

9271924Metal casting

1330N/A**N/A**Steel

18312330Glass

11232227Aluminum

Needs in Matrix that
Fit IMF MissionNeeds in Matrix*

High-Priority
Materials Needs in

Roadmap
High-Priority Needs

in Roadmap

*Up to 3 needs added from NMAB report per industry.
**High-priority needs not identified by steel and mining industries.
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Matrix BuildingMatrix Building
Materials  Ne eds

Perfo rmanc e  Targ ets OS IMF VT OS IMF VT
Targ e ts  take n fro m  Indus try Ro adm ap

Cate g o ry

R&D Ne e d fro m  
Indus try Ro adm ap

R&D Ne e d fro m  
Natio nal Mate rials  

Advis o ry Bo ard

-IMF project (EMaCC #)

Materials needs
placed in industry-
defined categories

Performance
targets taken from

roadmaps

In the matrix, green cells
represent projects that

specifically address both
performance target and

R&D need

Horizontal lines
represent projects that

generally address
performance targets

OS, IMF, and VT columns
represent organization

with project(s) that address
R&D need and/or

performance target

Vertical lines
represent projects

that generally
address R&D needs

In the matrix, colors
represent scope of

need, i.e., near, mid,
or long term

Project title, with
reference, is a
comment in

pertinent cell

Near-
Mid-

Long-



OS IMF VT OS IMF VT OS IMF VT OS IMF VT OS IMF VT OS IMF VT OS IMF VT OS IMF VT OS IMF VT

Adva nc e d fo rming  
a nd ne t-s ha pe / ne a r 

ne t-s ha pe  
te c hno lo g y

- semi-solid casting
-casting spray-forming

-spray forming
-physical vapor 

deposition
-PM technology

-rapid solidification

Ac hie v e  s urfac e -
de fe c t-fre e  

c o ntinuo us  c a s t 
5 0 0 0 / 6 0 0 0  s he e t

Co mple te  
fo rma bility s tudie s  

o f s tra in,  s tra in 
ra te ,  a nd 

te mpe ra ture  o n 
the  s ta te  o f s tre s s

De v e lo p 
te c hnique s  to  

de te rmine  s he e t 
fo rma bility 

c ha ra c te ris tic s  
a nd a s s o c ia te d 

te s t me tho ds

Enha nc e  s urfa c e  
qua lity in s trip a nd 

s la b c a s t a llo ys

Unde rs ta nd 
re la tio ns hip o f 
a luminum a llo y 
c o mpo s itio n & 

pro c e s s ing & its  
e ffe c t o n 

mic ro s truc ture  a nd 
pro pe rtie s

-ze ro earring, high strength 
formability can shee t 

product
-develop 3000 se ries 
a lloys for end stock 

beverage

De v e lo p be tte r 
unde rs ta nding  o f 

the  fa c to rs  
a ffe c ting  me ta l 
flo w in ho llo w 
e xtrus io n die s

Elimina te  
pre tre a tme nt fo r 

jo ining
-bonding

-spot we lding
No n-me c h jo ining  
me tho ds  fo r no n-
we lda ble  a lloys

Rolling  a nd Extrus io n

Finis he d P ro duc ts  S e c to rS e mifa bric a te d Pro duc ts  S e c to r (c o nt. )

Unde rs ta nd 
re la tiv e  s tre ng th 

a nd fo rma bility o f 
a llo ys  a s  func tio ns  

o f:
-hot rolling
-structure

-cold rolling
-reduc tion sequence

-therma l history

Mate ria ls  Ne e ds
of strong importance

Note s:  -IMF projects include  "Inventions and Innova tions"
            -Projects noted for Pe rformance  Targets are  
             solely from Vision Teams
            -Roadmap did not identify length of terms of 
              Mate ria ls R&D needs for the  F

Pe rformance  Ta rge ts
Inc re a s e  e ffic ie nc y o f Ha ll-He ro ult c e ll to  o v e r 9 7 %

Impro v e  Ba ye r Pro c e s s  Pro duc tiv ity by ~ 2 0 %

Re duc e  o v e ra ll e ne rg y inte ns ity o f a luminum pro duc tio n
- reduce  ene rgy assoc iated with extrusion 20-30% (thermal 
processing)

Re duc e / Elimina te  CO 2  Emis s io ns

Enha nc e  Re c yc ling
- Achieve 80% wrought recycling of autos by 2004

Impro v e  me ta l qua lity,  we ig ht,  a nd pro duc tiv ity o f 
pro c e s s
- non-conventional forming technologies
-extrusions:  lower die cost; thinner wall tole rances; highe r speed; 
expand extrusion die te chnology
Re duc e  pro duc tio n c o s ts  by 2 5 %
-cost of joining technologies (compared to ste el)
-reduce cost ratio of aluminum-to-steel to less than 3:1

Re c yc le  a nd tre a t a ll type s  o f a luminum wa s te s
- new use s for wastes and byproducts
Impro v e  pro c e s s  c o ntro l
- tempe rature sensors for rolling operations
-real-time measurement of molten metal composition
-pressure sensor for container/ die
-improve system design

Inc re a s e  re lia bility o f ma nufa c ture r o pe ra tio ns  to  9 5 %

De v e lo p be tte r unde rs ta nding  o f s trip c a s ting
-models of mate rials properties

Inc re a s e  a luminum ma rke ts
-use  in non-auto transportation market
-use  in infrastruc ture  marke ts by 50%
-use  in building and construc tion

Ma te ria ls  Ne e ds
of strong importance

Notes:  -IMF projects inc lude  "Inventions and Innova tions"
            -Projec ts noted for Pe rformance  Targe ts are 
             solely from Vision Teams
            -Roadmap did not identify length of te rms of 
              Mate rials R&D needs for the F

Pe rfo rma nce  Ta rg e ts OS IMF VT OS IMF VT OS IMF VT OS IMF VT OS IMF VT OS IMF VT

Inc re a s e  e ffic ie nc y o f Ha ll-He ro ult c e ll to  o v e r 9 7 %

Impro v e  Ba ye r P ro c e s s  P ro duc tiv ity by ~ 2 0 %

Re duc e  o v e ra ll e ne rg y inte ns ity o f a luminum pro duc tio n
- reduce ene rgy assoc iated with extrusion 20-30% (thermal 
processing)

Re duc e / Elimina te  CO 2  Emis s io ns

Enha nc e  Re c yc ling
-Achieve  80% wrought recycling of autos by 2004

Impro v e  me ta l qua lity,  we ig ht,  a nd pro duc tiv ity o f 
pro c e s s
-non-conventional forming technologies
-extrusions:  lower die  cost; thinner wa ll tolerances; higher speed; 
expand extrusion die technology
Re duc e  pro duc tio n c o s ts  by 2 5 %
-cost of joining technologies (compared to stee l)
-reduce cost ra tio of a luminum-to-steel to less than 3:1

Re c yc le  a nd tre a t a ll type s  o f a luminum wa s te s
-new uses for wastes and byproducts
Impro v e  pro c e s s  c o ntro l
- temperature  sensors for rolling opera tions
-real-time  measurement of molten meta l composition
-pressure sensor for containe r/ die
-improve  system design

Inc re a s e  re lia bility o f ma nufa c ture r o pe ra tio ns  to  9 5 %

De v e lo p be tte r unde rs ta nding  o f s trip c a s ting
-mode ls of mate rials propertie s

Inc re a s e  a luminum ma rke ts
-use  in non-auto transporta tion marke t
-use  in infrastructure markets by 50%
-use  in building and construc tion

P rima ry P ro duc ts  S e c to r

De v e lo p 
ine xpe ns iv e  

c o ntinuo us / s e mi-
c o ntinuo us  s e ns o rs  

fo r s upe rhe a t,  
a lumina ,  a nd 
te mpe ra ture  

me a s ure me nt

Turn a luminum 
pro c e s s  wa s te  into  
us a ble  fe e ds to c k: 
-salt cake recyc ling or 

reuse
-separate  ma teria ls from 

waste streams

R&D o n c e ll c a pa ble  
o f pe rfo rming  

e ffe c tiv e ly with 
po we r mo dula tio ns

Ne a r-,  mid-,  a nd 
lo ng -te rm R&D fo r 

a no de  a nd c a tho de  
te c hno lo g ie s  fo r: 

-ma te rials 
-ma te rials processing

-experimenta l design for 
mate rials se lec tion
-no-ca rbon (ine rt) 

anodes
-wetted ca thodes.

De v e lo p ma te ria ls  
a nd pro c e s s e s  to  
a llo w o pe ra tio n o f 
Ba ye r pro c e s s  a t 

hig h c a us tic  
c o nc e ntra tio ns  

(NMAB)

De v e lo p mo re  
dura ble  re fra c to ry 
ma te ria ls  (NMAB)

OS IMF VT OS IMF VT OS IMF VT OS IMF VT OS IMF VT OS IMF VT OS IMF VT

Cas ting

S e mifa bric a te d Produc ts  S e c to r

Long -te rm R&D 
o n a lte rna tiv e  
re duc tion and 

re fining  
pro c e s s e s :
-close d-loop 

production pla nt
-use  of chemical vs. 

e lectrica l ene rgy

Low-c os t inc lus io n 
me te r:

- 100% metal inspection
-<10 micron limit

-in line
-real time

-operator friendly
-continuous

Funda me nta l info .  
on s o lidific a tio n of 

a llo ys  to  pre dic t 
mic ros truc ture  

s urfa c e  prope rtie s  
and s tre s s e s  and 

s tra ins :
- computer model 

capable of process 
control in real time

De v e lo p me a ns  fo r 
re mov ing  s pe c ific  
impuritie s  fro m the  

me lt
-e .g., Mg, Fe, Pb, Li, 

Si, Ti

De v e lop hig h-
c a pa c ity "furnac e " 

de s ig n fo r the  
future

-sa fe and enviro-frie ndly
-minimize melt loss
-improve melt rate s

-fuel efficient
-cost effective

De v e lo p be tte r 
too l and die  

mate ria ls  with 
impro ve d he at-

e xtra c tio n 
c apa bilitie s  

(NMAB)

De v e lo p a  no n-
c o ntac t s e ns or 

a nd me tho d to  ID 
a nd s e para te  

s c ra p:
-sensor plus proc ess

Aluminum R&D PrioritiesAluminum R&D Priorities
Refractories

OS IMF VT

De v e lo p mo re  
dura ble  re fra c to ry 
ma te ria ls  (NMAB)

Work being done
in OS and IMF,
but not being

transferred to VT

Ca s ting
Lo w-c o s t inc lus io n 

me te r:
-100% metal inspec tion

-<10 micron limit
-in line

-real time
-operator friendly

-continuous

Funda me nta l info .  
o n s o lidific a tio n o f 

a llo ys  to  pre dic t 
mic ro s truc ture  

s urfa c e  pro pe rtie s  
a nd s tre s s e s  a nd 

s tra ins :
-computer model 

capable of process 
control in rea l time

De v e lo p me a ns  fo r 
re mo v ing  s pe c ific  
impuritie s  fro m the  

me lt
-e .g., Mg, Fe , Pb, Li, 

Si, Ti

De v e lo p hig h-
c a pa c ity "furna c e " 

de s ig n fo r the  
future

-safe  and enviro-friendly
-minimize melt loss
-improve melt rates

-fuel e fficient
-cost e ffective

De v e lo p be tte r 
to o l a nd die  

ma te ria ls  with 
impro v e d he a t-

e xtra c tio n 
c a pa bilitie s  

(NMAB)

De v e lo p a  no n-
c o nta c t s e ns o r 

a nd me tho d to  ID 
a nd s e pa ra te  

s c ra p:
-sensor plus process

Casting

Large area of
research needing

further work

Modeling

Broad area with 
many applications

Joining and 
Welding Advanced Forming

OS IMF VT

Adv a nc e d fo rming  
a nd ne t-s ha pe / ne a r 

ne t-s ha pe  
te c hno lo g y

-semi-solid casting
- casting spray-forming

-spray forming
-physical vapor 

deposition
-PM technology

-rapid solidification

Broad area with 
promising initiatives

OS IMF VT

Funda me nta l info .  
o n s o lidific a tio n o f 

a llo ys  to  pre dic t 
mic ro s truc ture  

s urfa c e  pro pe rtie s  
a nd s tre s s e s  a nd 

s tra ins :
-computer model 

capable  of process 
control in real time

OS IMF VT

Elimina te  
pre tre a tme nt fo r 

jo ining
-bonding

-spot welding
No n-me c h jo ining  
me tho ds  fo r no n-
we lda ble  a llo ys

Work being done in OS
and IMF, but not yet

transferred to VT RA N D RA N D 



Mate ria ls  Ne e ds
of strong importance

Note s:  -IMF projects include  "Inventions and Innova tions"
            -Projects noted for Pe rformance  Targets are  
             solely from Vision Teams
            -Roadmap did not identify length of terms of 
              Mate ria ls R&D needs for the  F

Pe rformance  Ta rge ts
Inc re a s e  e ffic ie nc y o f Ha ll-He ro ult c e ll to  o v e r 9 7 %

Impro v e  Ba ye r Pro c e s s  Pro duc tiv ity by ~ 2 0 %

Re duc e  o v e ra ll e ne rg y inte ns ity o f a luminum pro duc tio n
- reduce  ene rgy assoc iated with extrusion 20-30% (thermal 
processing)

Re duc e / Elimina te  CO 2  Emis s io ns

Enha nc e  Re c yc ling
- Achieve 80% wrought recycling of autos by 2004

Impro v e  me ta l qua lity,  we ig ht,  a nd pro duc tiv ity o f 
pro c e s s
- non-conventional forming technologies
-extrusions:  lower die cost; thinner wall tole rances; highe r speed; 
expand extrusion die te chnology
Re duc e  pro duc tio n c o s ts  by 2 5 %
-cost of joining technologies (compared to ste el)
-reduce cost ratio of aluminum-to-steel to less than 3:1

Re c yc le  a nd tre a t a ll type s  o f a luminum wa s te s
- new use s for wastes and byproducts
Impro v e  pro c e s s  c o ntro l
- tempe rature sensors for rolling operations
-real-time measurement of molten metal composition
-pressure sensor for container/ die
-improve system design

Inc re a s e  re lia bility o f ma nufa c ture r o pe ra tio ns  to  9 5 %

De v e lo p be tte r unde rs ta nding  o f s trip c a s ting
-models of mate rials properties

Inc re a s e  a luminum ma rke ts
-use  in non-auto transportation market
-use  in infrastruc ture  marke ts by 50%
-use  in building and construc tion

Ma te ria ls  Ne e ds
of strong importance

Notes:  -IMF projects inc lude  "Inventions and Innova tions"
            -Projec ts noted for Pe rformance  Targe ts are 
             solely from Vision Teams
            -Roadmap did not identify length of te rms of 
              Mate rials R&D needs for the F
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Inc re a s e  a luminum ma rke ts
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-thermal history
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-PM technology
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a nd mate r
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-ze ro ea rring, high strength 
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product
-develop 3000 se rie s 
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beverage
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OS IMF VT OS IMF VT OS IMF VT OS IMF VT OS IMF VT

Ro lling  a nd Extrus io n
De v e lo p be tte r 

unde rs ta nding  o f 
the  fa c to rs  

a ffe c ting  me ta l 
flo w in ho llo w 
e xtrus io n die s

Unde rs ta nd 
re la tiv e  s tre ng th 

a nd fo rma bility o f 
a llo ys  a s  func tio ns  

o f:
-hot rolling
-structure

-cold rolling
-reduction sequence

-thermal history

Co mple te  
fo rma bility s tudie s  

o f s tra in,  s tra in 
ra te ,  a nd 

te mpe ra ture  o n 
the  s ta te  o f s tre s s

De v e lo p 
te c hnique s  to  

de te rmine  s he e t 
fo rma bility 

c ha ra c te ris tic s  
a nd a s s o c ia te d 

te s t me tho ds

Enha nc e  s urfa c e  
qua lity in s trip a nd 

s la b c a s t a llo ys

Rolling and Extrusion

No work being done

High Caustic

OS IMF VT

Unde rs ta nd 
re la tio ns hip o f 
a luminum a llo y 
c o mpo s itio n & 

pro c e s s ing  & its  
e ffe c t o n 

mic ro s truc ture  a nd 
pro pe rtie s

-zero earring, high strength 
formability can shee t 

product
-develop 3000 series 
a lloys for end stock 

beverage

OS IMF VT

De v e lo p be tte r 
to o l a nd die  

ma te ria ls  with 
impro v e d he a t-

e xtra c tio n 
c a pa bilitie s  

(NMAB)

OS IMF VT

De v e lo p ma te ria ls  
a nd pro c e s s e s  to  
a llo w o pe ra tio n o f 
Ba ye r pro c e s s  a t 

hig h c a us tic  
c o nc e ntra tio ns  

(NMAB)

No work being
done

Products
Microstructure

Properties

No work being done

Tool &Die Materials

Work not yet
transferred to VT
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Aluminum R&D PrioritiesAluminum R&D Priorities
• High-temperature materials, including refractories
• Casting
• Advanced forming
• Tool and die materials
• Databases and modeling
• Joining and welding
• Materials for highly caustic environments
• Rolling and extrusion
• Products and microstructure processing

NOTE:  As of this writing, IMF is addressing the areas in plain type but not those in italics.



Mining
•Wear-resistant materials
•Physical separation
•Process modeling and simulation
•Mineral characterization
•Membrane systems
•By-product characterization, recycling, and use

Agriculture
•Separation technologies
•Materials for harvesting equipment
•Materials for new reactors and fermentation
•Materials for biocatalysis
•Standards & product quality

Forest products
•Separation technologies
•High-temperature materials, including refractories
•Erosion- and corrosion-resistant materials
•Welding
•Databases and modeling
•Environmentally conscious treatments
•Drying and pressing
•Databases and modeling
•Sensor materials
•Adhesives
•Waste and by-product treatment, extraction, and use

Petroleum
•Membranes
•Catalysts
•Combustion and yield modeling
•Fouling-resistant materials and coatings
•Computational catalyst design
•NDE and inspection
•Corrosion monitoring
•In situ residual stress measurement

Chemicals
•Ceramic and composite reliability and performance data
•High-temperature materials, including refractories
•Erosion- and corrosion-resistant materials and coatings
•Materials for separations
•Joining, including oxide dispersion strengthened (ODS)
  superalloys
•Thermophysical, kinetic, and mechanical materials data
•Stress-corrosion cracking of construction materials
•NDE for fracture toughness
•Surface chemistry modeling
•Composition-corrosion relationships for carbon steel

Metal Casting
•Computer design tools
•Mold and die fill modeling
•Casting (properties, microstructure, and processing)
•Dies and coatings
•Refractories
•Reduced emissions
•Joining of new alloys
•Testing standards
•Waste stream treatment, recycling, and use

Steel
•Wear-resistant materials
•High-temperature materials and refractories
•Coating properties, processing, and applications
•Tooling
•Joining
•Process modeling
•Refractory repair (cokemaking)
•Energy-saving processes

Glass
•High-temperature materials database
•Robust nonrefractory materials
•Hot glass contact materials
•Improved refractories
•Improved heat-recovery materials
•Coatings
•Multiple sensor needs
•Glass melting and forming models
•Surface and interface properties
•Use of microwaves and ultrasonic means of controlling
Glass Shape

Aluminum
•High-temperature materials, including refractories
•Casting
•Advanced forming
•Tool and die materials
•Databases and modeling
•Joining and welding
•Materials for highly caustic environments
•Rolling and extrusion
•Products and microstructure processing

Summary of R&D PrioritiesSummary of R&D Priorities



RA N DRA N D

Identification of IMF Multiple Industry andIdentification of IMF Multiple Industry and
Core Research AreasCore Research Areas

• IMF multiple-industry research areas are the
common research priorities derived from the
individual IOF performance target–research need
matrices

• IMF core research areas are those in which
advances and accomplishments will support and
feed the common research priorities



Aluminum MiningAgriculture
Forest

productsPetroleumChemicals
Metal

castingSteelGlass

Casting,
tools & dies

Waste &
byproduct
treat, use

Coatings

Joining &
welding

Membranes &
phys.
Separations

High-temp.
mats. &
Refractory

Databases
and modeling

Corr-, eros-,
wear-resist
materials

IMF Multiple-IndustryIMF Multiple-Industry
R&D PrioritiesR&D Priorities

Industries of the future
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IMF Core Research AreasIMF Core Research Areas
• Database development
• High temperature properties
• Wear, erosion, and corrosion resistance
• Processing-properties relationships
• Modeling of processing, forming, and deposition
• Separation methods
• Materials for sensors
• Materials chemistry
• Surfaces, interfaces, and joining

Provide opportunities for new materials and processing
technologies to achieve IOF performance targets
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Forging
Welding and

JoiningHeat TreatingCombustionSensors

Waste and
Byproduct
Treat/Use

Membranes and
Physical
Separations

High-Temp.
Mats. and
Refractories

Databases and
Modeling

Corr./Eros./Wear
-Resistant Mats.

Testing and
Standards

Sensor Materials

IMF Multiple CrosscuttingIMF Multiple Crosscutting
Programs and Supporting-IndustryPrograms and Supporting-Industry

R&D PrioritiesR&D Priorities
Programs and industries
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Next StepsNext Steps

• Describe materials performance goals and the
technical challenges to achieving them, as well
as the benefits to the Industries of the Future.

• Prioritize IMF research activities to achieve the
materials performance goals; emphasize filling
the gaps between basic research programs and
the OIT industry teams.


